17™ ADVANCED BEAM DYNAMICS WORKSHOP ON

s FUTURE LIGHT SOURCES

Wakefields in the LCLS

K. Bane, SLAC

APRIL 6-9, 1999
ARGONNE NATIONAL LABORATORY, ARGONNE, IL U.S.A.




i}t/aLe {c[J_g t~ ’“\z Lc Lg ;’(\ .Sau\
b Aper] 19

- Z {&6\(..-

- (,{.\Ju\(a “Or

_LQ‘KJ;‘*\AJCM! - (orr-e/a/c(} 2A¢f]7 V‘\r‘n’a\{.".?'\; Wovis %Of S‘f)/{éq<cb.4

- ocb.termr =V en;Hana 7rnw(4~/' bele /m/

~ Transverse
K 10/* bwn((EJ

“(a linac - w«.l«o./.‘el/g Can lc/o C((A(e/ r_[ Curvature < /A /~
J /
/’\CPQQJC- .febsf ‘l tj fO /&JCC‘QV\ (O'JI""‘\I NV~ iek

# + ow }QA{L
v, =2

WQ£¢,1<1J QJ%‘_J’ o~ Scale o/ 6(‘“_4\ /“\j(l\ : -~ %w-

_/lijl;.f eyer~ (o- of-fm{av\ /07//L fxz‘/u‘*_
=> ]Cau(n % ro Na’5a7(:o“;mg
5&‘\3: .Vt‘

eccept
within  LCLS yudalntor induce) ve Hage
c‘c'\).. {O{OIQACC £ 0.7,
#-D /'/ulm/FgL?g
Aug 1998

~ Sourtes :
— [inac QCc.z/lﬂU(:/ STructuve; ¥
T Pesiskwe unl] - (inac, ’f/'av\s/g /&c undulalorw
- f/q».}, P51 Pe=piy _(é)fx, be/hs - ynfa/atsr

- /‘0“]1'«&; ~ linne, undulatic ¥



S)Ioﬂlvpa»}),, L/GL-‘P‘IJS bl G Linac. /4('“/(.11\(}7 S'frac‘/wn.

- L . J

a

————————————— ¥ _ “C—LL

étl\uu{.} / D ik -Loades/
B

Ac(e lerat j Structare_

ﬁr SLAC [ina¢ — k gquf P%W{’S«)v\/ 1‘\4”"11‘ E"“)‘) [6‘\7[
PrvceeJiUc, 1989, p.C90



104

Lomyitedinl Tpedunic of < Fo

Nﬁtf%m@wgysﬁwﬁw;
K. Bane etel, Icapip

:é- T ITTTTVTI T VTTITTl] 1 IXTTYTT" L Y]‘lll!l T T ll!lll] ?
; = |
3 - tical -
10 E ggs:);aator model g
/&? 102 - 3
~ - XL 3
g - ]
S 101 — A N T3
2 ;1 N
- extrapo— .
- Im(k)= .2/mm . lation ]
100 N
- N ]
g A
10—1 1 111lllll 3 Lt 1 llII 1 Jlilllll i LlllllLl i i Lll?hl
1072 1071 100 10l 10° 103
Re(k) (1/mm) NLC Cv/t.m)g (c//
It b

]( 'ﬁ‘l/uwc[t_)

R. Glucksbrn, Phys RevD3g,
27231189)

-1
2. -\ X L
o — b+ (ke ____'LT‘_ 278
% '"‘L‘b[ "3 "}\:} 5~/'/'-;Us+5.kluﬁ il

- f'((ewjt(-j :&J, G'So .so/uu/

6&~tl¢3k/’«/d~«k P“( 99

h AT
)
K. Yo lzdr v, Ban\c, FAC 59



1‘0 ¥ I L l L i ¥ ¥ ' ¥ i 1 ¥ I l ¥ 4 T ¥ ¥ ¥ L

0.2

Illlll]llillllllllllllll

O-O 1 | S 1 ) SRS S S| l L1 1 1 l Il | S — 1 1 Il Il !
0.0 0.2 0.4 0.6 0.8 1.0

7= g/L

<> ﬂbﬁ*{i‘!;r’a! y\fg,‘/’?{:{



(V/pC/m)

W

1500
1250 }
1000 |
750

500

T]lT11]1Tll

250

O-l

i 1 | 1 1 i I l i 1 1 1 l | 1 1 1 l i I 1 !

T I 1 T

0.0

0.2 0.4 0.6

s (mm)

0.8 1.0

NLC aUU\f'&c, cell



Wz/(V/PC/m)

SLA'C S?Lruc“ulrL - %Y (c'l_s

0.0 0.5 1.0 1.5 2.0
s/mm

Lorgtadina] Wake



W,/(V/pC/mm/m)

i LI S S ‘ T T T ¥ ] L l .
4| g
i Cell awy :
3F -
2 -~ 5 -
: - :
- / i
1 5% I
- / i
v :
0 [T SR S l TR D l T S U U l i
0.0 0.5 1.0 1.5
s/mm

Stac sfru(-/-are,/ Trﬁu&l/wc Wake

0
o



Q k.BOu,Ck.%,A.CAaO/ Paci?, p. 1138
@ A. Mysaier + A.Uavokﬂaﬁk;/ fAcez pleél.

Jee e lio; PO pose Lj A. UVovekhatsk, <7‘a’/ EbPAc 71/ PAC 7
LCAP?E

6. Sfu/QLQ\// /’A]J RevBST-AB (,06vv01(1918)
k. gau + G gfhf«"ot// IChrpPTL.
K. Bawe + P thvokhakdi  LCLS-TN=99-1, SLAC-AR113, porck 1557

C If\é«(_‘.' A Hode_l

r‘o»jl‘ (u/fam’ Smrof Sur%‘&(c wifk collechisw of Simple, /ro.z«(mae/.‘y
bu«/,{
I} G > A 6u~p Sire

oL — Skf}[Au— ﬁ.‘/(.‘v D[ac‘)f*

f = Lorm fache depundiy s~ shye
o,ﬁ Auu\/J (/,f"_,.;f:_ZS—)

J\ - bump §73¢

Q — 'f\«‘)« V"\J;%J

_L«a’wcél V’o“’a}. °.
Vo © ";{“"/A(&



@ zeﬁona“v Iﬂpe/ana Model

j«paJa!u Cawn A& ale:cri&.a] 57 02 Pwo.//os;?[ﬂe rtsouafw

r ~|

k = | R Wt
a T_C\J ‘ —lT
(/Jt (s) = %_cm ks €>0

~ behavior u/ Ahime drelectric /a]tr on metfa metallic .rw/nce, be/lywy

- 7CW‘ l’OV\)“ Surfa fale S = J‘rm_‘
- 7&)( gC‘ w S J\ N ;J-\
34 2

= ia lind dl Smoofh /)unr‘ej w:n\ kq‘>7() r*eu/%—:,; iu.Jv\cs‘c‘u{,
similar o ieduelive wmode/



Gcamefr} Used IL S«'“«t«/a//o«.J



kp/m

1.0

0.8

0.6

0.4

0.2

Il|lllll’llll|lllllllll

1 ' i T ¥ ¥ T |

p/a= .050

z

¥ | ¥ I

T T

A

1 { i 1 I 1 1 1 ! I | ! H ! I | | i | I 1 { i !

Illl'llllllllllllll|lll

0.2 0.4
Bp/m

D fgfus (O Curu/e,

0.6

. 2L
S}ao&r‘owuj ,Fre/vmvnfgi kO‘ Jj’l‘j

0.8

[y
o



ka

60

40

20

~ < _
_ ]
‘ o Ba. 8) ko ]2

] L t I ¥ T ] I\I 11 ! I H i 1 H T T I T ¥ i
| g/a= 025 < |
5/a= .025 \\ i

i 11 1 ' i1 i 1} I i i 1 | l i ! 1 I i L1 i I i

0
0.000 0.025 0.050 0.075 0.100 0.125

p/a

DefM‘O}W(Q— o? 5/;«(4\«*0«0%_{ %“7!4&4.? JA

(st fo mody °"/°e”°/



1.0

0.5

llllllllllllll

\Llllllllllllll

0.0

k*0*W,/k,

—-0.5

-1.0

Illllllll

_1‘5 | | i ! l i 1 1 H ] f | 1 l i 1 i 1
—4 —_ 0 2

o

(head) s/o (tail)

Bunds Wake fv a Gaessian Bm\cl\



Y l)(,,coaks

1.0 B T i 1 1 1 T T T ] l T I L) 1 ] 1 | 1 1 T T
0.8 _
: E/ICO N
0.6 — ]
0.4 _
i A\ i
: (W.) rma/ %o =) . 2™ ke
0.2 i N sz)r"j d?;/:;:/p klv_.‘a.-
[ Eq. (16 - _ :
0-0 i L i 1 1 I | i i L i 1 r—l —-l- T I3 —‘
0 1 2 3 4 5



1.5

1.0

III|IIII|IIIII

Illl|||lllll||

g_o.déau o,/(r‘ EU'\C L



1.0

0.8

0.6

0.4

0.2

0.0

]lllllllll

||l|]ll|l!lllT

T T T T T T I T T T I [ T T 1 T

K/Kq

‘llllllllllll[llll[llll




05 _— " = ‘q. 5"“‘{ L_"

w | :
"5 0.0

O i §

i —

-05 1

] 1

Ll | | I N | | 4 1 1 3 | | T I L1 1 | L .l 1 |

-40 -20 0 20 40
{(head) s/um (tail)

/P:\-S_rcl-mﬂ_.._ (I‘E—)r = -

O 710 e L07Y, 63

10

—10



Table 1: The average and rms energy spread increase due to the roughness
wakefields, and the fraction of beam within a window of £0.1%, at the end
of the LCLS undulator, as given by the inductive and the resonator models.
Results are given for Gaussian and rectangular bunch shapes with rms length
o = 15 pm, and for roughness sizes § = 1, 0.1, 0.01 pm.

“ §/pm I kaqo | Model | Bunch Shape ” (6e)/% | (6E)rms/% | Ny 1% ”

Inductive | Gaussian 0 79 .04

1. Gaussian .83 .67 .04
1.0 | Resonator Rectangular .73 .49 .06

Inductive | Gaussian 0 .08 .69

1 Gaussian .00 .10 A48
3.2 | Resonator Rectangular .03 .29 .16

Inductive | Gaussian 0 .01 1.

.01 Gaussian .00 .01 1.
10. | Resonafor Rectangular 01 .09 .56

Discussion

These results appear to set severe requirements on the beam tube surface
smoothness. How smooth a beam tube surface can we expect to obtain?
At present there is a program at SLAC to prepare and measure the inner
surface of 2.5 mm radius beam tubes. Two preliminary observations suggest
that the surface roughness effect will not be as severe as one might expect
from the results above[18]: (1) It appears that, through electro-polishing the
surface, the effective depth § can be reduced to 10-20 nm. (2) The aspect
ratio of roughness features, i.e. the period to depth of features, instead of
being near 1 as assumed here, may be much larger, on the order of 50-100.
According to calculations, for such aspect ratios the strength of the first
resonance can be greatly suppressed[20].

A Proposal to Measure the Roughness Wake at SLAC

To verify the models of roughness impedance it would be desirable to per-
form measurements. Since the effects are small a beam tube with an ar-
tificially prepared surface, one with enhanced features, will probably be
necessary. One program to measure the impedance of surface roughness is
being planned for the Collimator Wakefield Test Facility to be constructed
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